INTRODUCTION
Wound management has been a fundamental part of general surgical practice since ancient times. Chronic non-healing wounds pose a remarkable challenge to health professionals and drain our resources. In recent years, prevalence of diabetic foot ulcers is growing at epidemic proportion in India and worldwide and they have become the major contributors of chronic nonhealing wounds.
Although wound management is a day-to-day activity in surgical wards, there is always scope for betterment of our surgical practice. Therapeutic strategies have been evolving over the years and there are varieties of dressing options available for wound bed preparation, wound cover, activation of wound healing and repair. Technological advancements have also resulted in topical applications of recombinant platelet derived growth factors and bio engineered skin substitutes for skin coverage in wound management.
The sequence of wound repair is controlled in each stage by activators and inhibitors that are naturally produced by our immune system. Cellular migration, proliferation, matrix deposition and remodelling which causes progress in wound healing.
1 Devitalized tissue and exudates act as mechanical barrier to migration of cells and provides an environment ideal for bacterial proliferation. 2 Due to the presence of devitalized tissue there is excess production of pro-inflammatory cytokines and prolongation of inflammatory response. 3 Thus, wound bed preparation plays a crucial role in achieving a conducive environment for wound healing. There are various modalities available for wound debridement; most of these methods are covered in this review with major emphasis on enzymatic wound debridement with papaya. In present study, authors have compared two debridement methods, one which we use regularly in their hospital, wet to dry normal saline dressing and enzymatic debridement with papaya.
Aim
To compare the effectiveness of papaya versus normal saline debridement in healing of ulcers.
METHODS
This was a randomized, comparative interventional study carried out in Kilpauk Medical College Hospital from August 2013 to August 2014. The study was approved by the Institutional ethical committee. The study group comprised of hundred patients with ulcers due to diabetes mellitus, wound infections and post-operative wound dehiscence.
Patients were selected, randomized and divided into two groups.
• Group-1: 50 patients treated with papaya dressing.
• Group-2: 50 patients treated with wet to dry normal saline dressing.
Method of data collection
• Clinical assessment done during time of inclusion.
• Complete history and detailed examination done at inclusion.
• Ulcer and devitalized tissue accurately assessed.
• Measurement of ulcer using sterile gauze and graph paper.
• Area of ulcer calculated in Sq.cm.
Inclusion criteria
• Patients aged more than 20 years with diabetic ulcers and infected ulcers.
• Wagners ulcer grade-II and grade-III.
• Post-operative wound dehiscence.
Wagners ulcer grade
• Grade-I: Superficial ulcers • Grade-II: Deep ulcers upto subcutaneous tissue exposing soft tissue or bone • Grade-III: Abscess formation underneath / osteomyelitis.
• Grade-IV: Gangrene of part of tissue / limb / foot.
Exclusion criteria
• Ulcers with severe active infections • Wagners ulcer grade more than III • X-Ray features of underlying osteomyelitis • Diabetic foot with major vascular disease • Uncontrolled diabetes mellitus • Patients with hepatic, renal and hematological diseases which impair wound healing • Patients on immunosuppressive drugs, long term steroid therapy, radio therapy or chemotherapy.
Methods
Study was initially started in 128 patients, 64 patients in each group after randomization.
• 16 patients lost follow up after treatment phase.
• 3 patients died during the follow up phase (2 patients died of CVA and 1 patient died of MI).
• 5 patients went against medical advice during treatment phase. • There were remaining 104 patients, 53 patients in papaya group and 51 patients in normal saline group. First 50 patients in each group in the random table were taken into the study for comparison. 
Statistical methods.
• Probability value (P-value) <0.05 the null hypothesis was rejected i.e. P-value <0.05 means there is significant relationship between the two tests. • Student's t-test (t-test) was used to find the difference between means of the two groups.
• Chi square (χ 2 ) test was used to find difference between percentages or proportions of categorical outcomes of the two groups.
• Other non-parametric test used to find the significance was Fisher's exact test. 
RESULTS
58% of the patients were diabetic in the study group. 35% were non-diabetic. 7% had post-operative wound dehiscence. All of them were non-diabetic ( Figure 5 ). Mean age in papaya group was 57.6±9.4502 years. Mean age in normal saline group was 54.2±8.4201 years. There was no significant difference between the two groups (Table 1 ). In papaya group: 54% males and 46% females. In normal saline group: 56% males and 44% females. No significant difference between groups with respect to gender noted ( Table 2) .
The study has 58 diabetes patients and 42 non-diabetes patients. In papaya group: 60% diabetic patients and 40% non-diabetes patients. In normal saline group: 56% diabetes patients and 44% non-diabetes patients. No significant difference between groups with respect to diabetes patients noted. Table 4 shows the study has 30% have ulcer in right foot and 29% have ulcer in left foot. Totally 59% have ulcer in lower limbs. Other 41% have ulcer in other areas like thighs, back, arms, scrotum and abdomen.
Culture and sensitivity patterns in both groups were similar. Most frequently grown organism was E. coli followed by Klebsiella (Table 5) . Mean ulcer sizes in both groups were similar. Both groups showed reduction in ulcer size over the 4 weeks period (Table 6 ).
There was significant difference in percentage reduction in slough/necrotic tissue within the two groups (Table 7) . In the second week comparison p-value was 0.049, third week it was 0.0003 and the fourth week it was 0.0082. Papaya group showed better slough reduction in 2 nd , 3 rd and 4 th weeks compared to normal saline (Table 8) .
Week wise comparison between the two groups showed that papaya showed better granulation tissue formation after 2 nd , 3 rd and 4 th weeks when compared to normal saline group. p-value was less than 0.0001 at the end of 4 th week (Table 9 ). Week wise comparison of reduction in size of ulcer of ulcer did not show any significant difference (Table 10) . There was no significant difference in reduction of slough/necrotic tissue between diabetes and non-diabetes patients (Table 11 ). There was no significant difference in formation of granulation tissue between diabetic and non-diabetic patients (Table 12 ).
There was no significant reduction in ulcer size between diabetic and non-diabetic patients (Table 13 ). There was significant difference in percentage reduction in slough necrotic tissue in papaya group compared to normal saline group (Table  14) . Disappearance of slough/necrotic tissue was more significant in papaya group in 3 rd and 4 th week when compared to normal saline group (Table 15) . At third month follow up showed 78% of wounds treated with papaya were completely healed and 22% were healing. 72% of wounds treated with normal saline were completely healed and 28% were healing (Table 16 ). 22 patients underwent SSG in normal saline group and 19 patients in papaya group. 5 patients underwent secondary suturing in normal saline group and 4 patients in papaya group. 23 patients in normal saline group and 27 patients in papaya group did not require any additional treatment (Table 17) . Present study results have shown that there is significant difference (p-value<0.001) in granulation tissue formation with papaya dressing when compared to normal saline dressing in third and fourth weeks. This is attributed to granulation tissue formation induced by Papain and chymopapain. Slough reduction with papaya was also significant, as 96% of the patients were completely cleared of slough at the end of fourth week, when compared to 36% with normal saline dressing. The p-value was (0.0082) significant during second, third and fourth week of the papaya dressing.
There was no significant reduction in ulcer size (p-value of 0.086) when compared to normal saline. Reductions in ulcer size in both groups were similar. In well controlled diabetes mellitus, papaya can be used as a debriding agent safely. Wet to dry normal saline dressings is routinely employed for wound dressings, as it is cost effective and easily available. But in comparison to papaya it takes a longer duration for healing and time consuming. There were no hypersensitivity, tolerability or side effects in both the groups, as previous studies have already confirmed the safety and tolerability aspects of papaya. Patient has to be clearly instructed to use semi ripe papaya since raw papaya application is associated with pain.
Limitations of this study are related to lack of standardized methods of papaya preparation. The enzymatic content of papaya is said to decrease as fruit ripens, suggesting a better efficacy in semi ripe papaya. In spite of difference in enzyme content as the fruit ripens, previous studies confirm that there is no difference is in antibacterial activity in ripe and unripe fruit.
Papaya dressing can be encouraged as papaya is easily available in India throughout the year and cost effective also. Thus, in terms of efficacy, papaya dressing can be a good and better dressing method compared to normal saline dressing.
Papaya induces development of healthy granulation tissue, as the fruit is rich in vitamin C which helps in conversion of proline to hydroxyproline which is a specific indicator of collagen content laid during wound healing. 5 It doesn't act on normal tissue as it acts only on tissues lacking α-1 antitrypsin plasmatic antiprotease that inhibits proteolysis in healthy tissues. 4 Papaya extract breaks down the biofilm defences, as this biofilm gives protection to bacteria from ultraviolet rays and oxygenation. Bacteria in chronic wounds live within these biofilm communities protecting them from host immune response. 6 Other preparation in the market is papain urea chlorophylline copper complex which acts by inhibiting hemaglutination, inflammatory properties of protein degradation and decreases pain and wound odour. 7 The wound healing property of papaya is attributed to the endolytic plant enzyme papain. 8 Latex from raw papaya fruit is rich in papain. Papain has a preference to cleave peptide bonds involving basic amino acids and in particular arginine and lysine. 9 Latex of Carica papaya fruit contains four cysteine endopeptidases namely papain, chymopapain, glycyl endopeptidase and carcain (a papaya endopeptidase-II).
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CONCLUSION
Papaya dressing is a better enzymatic agent when compared to wet to dry normal saline mechanical debridement. Papaya dressing was found to remove slough and necrotic tissue more rapidly when compared to normal saline as per present study. Wounds treated with papaya dressing had a faster granulation tissue formation compared to normal saline dressing. Overall response to treatment with papaya dressing was significantly better when compared to normal saline dressing.
